Objective-To examine arthritis impact among U.S. adults with self-reported, doctor-diagnosed arthritis using the International Classification of Functioning, Disability, and Health (ICF) framework (domains=Impairments, Activity Limitations, Environmental, and Personal factors; outcome=social participation restriction (SPR)) 1) overall and among those with SPR, and 2) to identify correlates of SPR.
complex process through which arthritis leads to disability is not fully understood (4) . The International Classification of Functioning, Disability, and Health (ICF) is a system developed by the World Health Organization (WHO) to "provide a unified and standard language and framework for the description of health and health-related states" (5) . This approach considers the anatomical/physiological (impairment), individual (activity limitation), and societal (participation restriction) consequences of health conditions in the context of personal and environmental factors and reflects a continuum between positive (functional and structural integrity) and negative functioning (impairments, activity limitations, and participation restriction), with negative aspects indicating disability. At the societal level, participation is "involvement in a life situation," while participation restriction (PR) is "problems an individual may experience in involvement in life situations" and reflects difficulties in activities such as getting out and about, visiting friends, and leisure activities (5) . WHO has proposed that the ICF be used to investigate consequences of health conditions; the comprehensive scope makes it ideal for studying arthritis (5, 6) .
Although the ICF has been mapped to different clinical outcome measures for arthritis (7) (8) (9) , and ICF core sets have been developed for osteoarthritis, rheumatoid arthritis, and other chronic musculoskeletal conditions (10) , no population-based studies have applied an inclusive view of all ICF domains to assess PR in adults with arthritis (11) . While population-based and clinical studies have often focused on disease impacts considered activity limitations or impairments in the ICF, examining PR using all of the ICF domains, including the contextual personal and environmental factors, provides an opportunity to explore a more comprehensive approach to assessing and describing one aspect of disability among adults with arthritis.
Materials and Methods

Study sample
The National Health Interview Survey (NHIS) is an annual health survey of people of all ages. It uses a complex sample design to select a sample representing the U.S. civilian, noninstitutionalized population (18) . Data are collected through in-home interview by trained interviewers. We studied adults (≥18 years) who, in 2009 (the most recent year with all relevant variables), had records in the sample adult core, family, household, and person files (n=27,731); conditional and final response rates in the sample adult core were 80.1% and 65.4%, respectively (18) .
Definitions
Doctor-diagnosed arthritis-The sample was limited to people with self-reported, doctor-diagnosed arthritis (hereafter "arthritis") (n=6,696), identified by "yes" to: "Have you ever been told by a doctor or other health professional that you have some form of arthritis, rheumatoid arthritis, gout, lupus or fibromyalgia?" Social Participation Restriction: Respondents who answered "very difficult" or "can't do at all" to either of the following were classified as having social participation restriction (SPR): "By yourself, and without using any special equipment, how difficult is it for you to…" 1) "Go out to things like shopping, movies, or sporting events?" and 2) "Participate in social activities such as visiting friends, attending clubs and meetings, going to parties?" Prior to analysis, we reviewed the NHIS documentation to identify all variables that could be coded to ICF domains. We used three criteria to select variables for analysis: 1) conceptual relevance, 2) sufficient sample size (≥50 cases), and/or 3) meaningful prevalence in the population (≥5%). Several variables (e.g., housing density, excess alcohol consumption, US Census region) were initially considered but failed to meet these criteria. All variables analyzed are presented in Figure 1 . Detailed ICF codes for each measure are provided in Appendix A, with the exception of variables representing personal factors (e.g., age, race/ethnicity) because, per WHO, personal factors are not assigned codes (5).
Impairments:
Respondents rated their joint pain in the past 30 days on a scale of 0 (none) to 10 ("as bad as it can be"); ratings ≥7 were classified as severe joint pain (19, 20) . Body Mass Index (BMI) (weight in kg/height in m²) was calculated from self-reported weight and height. Respondents were asked whether they had ever been diagnosed with a series of chronic conditions. We examined: hypertension, heart disease (coronary heart disease, angina, myocardial infarction, other heart disease), stroke, emphysema, asthma, cancer, diabetes, chronic bronchitis, weak/failing kidneys, and liver disease. Responses (yes = 1, no = 0) were summed (range 0-10) and categorized to represent the number of selected comorbid conditions (0; 1-2; ≥3). Serious psychological distress was measured with the Kessler 6 (K6), a scale developed to identify and monitor population-level prevalence and trends of non-specific serious psychological distress (21) . The K6, consisting of 6 questions rated on a 0 (none of the time) to 4 (all of the time) scale asks how often in the past 30 days the respondent felt each of: sad; worthless; nervous; restless; hopeless; that everything was their number of medical office visits in the past year, if they had health insurance, or had delayed health care due to cost in the past year. Receipt of government assistance was assessed by a "yes" response to receiving ≥1 type of government assistance in the previous calendar year (i.e., welfare; food stamps; other assistance). NHIS provides a calculated variable of family income divided by the relevant poverty threshold (poverty thresholds account for family size and are therefore more informative than income alone) (18, 23) . Depth of poverty can be assessed by the income-to-poverty ratio. Although the U.S. Census Bureau does not use this term, ratios of >1.00 ≤ 1.99 are often cited as "near poverty" (23). For this study, the income-to-poverty ratio was categorized as: <2.00; ≥2.00. Finally, the most educated household adult was classified as: less than high school; GED/high school graduate; some college, no college degree; college degree or more.
Personal Factors
Personal factors identified from the NHIS were 1) sociodemographic characteristics (age, sex, race/ethnicity, respondent's education (defined as above), employment), 2) health behaviors ((aerobic-physical activity level per 2008 criteria (meets physical activity guidelines recommendations; insufficient; inactive) (24), current smoker, retrieve health information from the internet)), and 3) whether the respondent had ever spent ≥24 hours homeless or in jail. The last three variables were coded as 1= yes; all others = no.
Missing values for the non-dichotomous variables ranged from n=1 (employment) to n=250 (BMI), (0.0% to 3.7% of the sample, respectively), with the exception of the income-topoverty ratio which had n=712 missing, (10.6% of the sample).
Data Analysis
To address our first aim of describing the profile of people with arthritis using the ICF framework, we calculated distributions of all study variables across U.S. adults with arthritis overall and among those with arthritis with and without SPR. Analyses were conducted using SAS v9.2 survey procedures (25); sampling weights were applied to derive nationally representative estimates and the standard error calculations accounted for the complex sample design. All reported estimates have a relative standard error <20%.
To address our second aim of examining associations with SPR and identifying correlates, regression modeling proceeded in four steps.
First, independent associations between each variable and SPR were estimated with unadjusted prevalence ratios and 95% confidence intervals (CI).
Second, we used the following criteria to identify eligible variables for the multivariableadjusted models by examining: 1) potential modifiability (possibly amenable to intervention); 2) known relationship with SPR from other studies; 3) statistical significance in the univariable regression stage; and 4) a moderate to strong association (defined as a Spearman's rank correlation coefficient of ≥0.4). For example, if the Spearman's correlation coefficient between two variables was ≥0.4, the variable that was not modifiable or had no known relationship to SPR was excluded. Statistical significance in univariable regression was defined as having CIs which did not include 1.0; statistically significant differences in PRs was defined as non-overlapping 95% CIs. This is a more conservative approach than significance testing and more appropriate for our study given the large sample size, number of variables, and multiple comparisons (26).
Third, once the candidate variables for each ICF domain were identified, the entire group of variables in each domain was analyzed simultaneously. We ran a series of multivariable models for each domain and tested for potential collinearity using the Condition Index (SAS proc reg). For each model, we identified the variable with the largest individual condition index ≥30.0 (27). Then, the model was re-run excluding this variable with the final model including variables with a condition index of <30 only.
Fourth, once the multivariable model for each ICF domain was finalized, a multivariable "meta" model incorporating all ICF domains was created using the same process described in step three. This multivariable meta-model was created to identify the strongest statistically significant independent associations with SPR when variables across all ICF domains were examined simultaneously.
Results
Study Population (Table 1)
Detailed characteristics of the population (U.S. adults ≥18 years with arthritis) are presented in Table 1 and Appendix B.
The prevalence of SPR was 11% (5.7 million) of adults with arthritis. Compared with those without SPR, adults with SPR reported greater than five times the prevalence of serious psychological distress (22.6% vs. 4.1%) and three to ten times the prevalence of activity limitations. Nearly all (96.9%) respondents with SPR reported ≥1 limitation, and 85.5% reported ≥3 limitations, compared with 35.8% and 15.7%, respectively, for those without SPR. Those with SPR also reported double the prevalence of an income-to-poverty ratio <2.00 (56.3% vs. 27.5%). Most respondents with SPR were non-Hispanic whites (70.5%) and women (68.2%); 46.1% were ≥65 years. Respondents with SPR tended to have low education (34.2% less than a high school; 31.3% GED or high school graduate). Employment was the same across groups.
Prevalence ratios, unadjusted (Table 2)
A detailed discussion of the unadjusted associations is presented in Appendix B. (Table 2) Impairments-After multivariable adjustment, serious psychological distress continued to be the impairment most strongly associated with SPR (PR=2.5). There was ≥50% increased probability of SPR among those with severe joint pain, ≥3 selected comorbid conditions, and ≥9 hours of sleep.
Correlates of SPR, Domain-Specific Multivariable Models
Limitations-Those with key limitations were 31 times more likely to report SPR compared with those without key limitations (PR = 31.2, CI=22.3-43.5).
Environmental Factors-The highest frequency of office visits in the past year (≥5) and <2.00 income-to-poverty ratio were the strongest correlates of SPR in the multivariate environmental model; each was associated with a more than double increase in the likelihood of SPR (PR = 3.4 and 2.5, respectively).
Personal Factors-There were small increases in the likelihood of SPR for women and smokers (PR=1.3 for both). Non-Hispanic Others and those with less than a high school education had at least a 70% greater likelihood of SPR. The strongest associations with SPR were for low physical activity (insufficient and inactive, PR=2.0 and 4.8, respectively).
Multivariable correlates of SPR, Meta-Model(Table 2)
No personal domain variables remained significant in the meta-model. Also, the strength of association between SPR and key limitations was attenuated in the meta-model, dropping to PR=24.3 (16.8-35.1). Nevertheless, key limitations remained the single strongest correlate of SPR after adjustment, with the remaining significant PRs demonstrating associations between 30 and 40% higher likelihood of SPR.
Discussion
By identifying the characteristics of adults with arthritis who are most likely to have SPR, researchers can further refine the development and targeting of interventions that enhance quality-of-life and decrease disability and healthcare costs. Our results provide the first population-based examination of arthritis disability in U.S. adults using all ICF domains. Our approach extends the literature by presenting both ICF domain-specific multivariate models and a meta-model to demonstrate associations with SPR. The domain-specific models present numerous potentially modifiable characteristics, while the meta-model results can be viewed as identifying priority areas with the strongest and possibly most important relationships requiring immediate resolution.
Findings from the domain-specific impairment multivariate model were consistent with existing literature. For example, using the same measure of serious psychological distress as in our study, Okoro et al. found that adults with disability and serious psychological distress were worse off than those with just self-reported disability (28). In our study, domainspecific multivariate association of serious psychological distress with SPR was quite strong (PR=2.5), and, coupled with existing evidence (28-31), suggests that people with arthritis could benefit from more aggressive and targeted control of mental health symptoms. Although the negative impacts of mental health effects and physical disability appear to be cyclical (32), it is reasonable to attempt to "break the cycle" through existing, effective but underused interventions-such as pharmacological-and cognitive behavioral therapy, selfmanagement education, and aerobic exercise-for the depression and anxiety components of serious psychological distress among those with arthritis (30).
Among the variables that remained statistically significant in the meta-model, key limitations was by far the most strongly associated with SPR (PR= 24.3). This finding reiterates the importance of targeting the component activities (walking ¼ mile, standing for about 2 hours, carrying something weighing about 10 pounds) for improved performance among people with arthritis. Both aerobic and muscle strengthening exercise programs have been shown to improve pain, functional performance measures (6 minute walk, timed upand-go, chair stands, etc.), self-reported physical function (e.g., Health Assessment Questionnaire score), cardiorespiratory fitness (endurance), strength, and balance in randomized controlled and comparative effectiveness trials among adults with arthritis (33-36). Improvements in impairments and limitations via exercise may delay or reduce risk of disability. For example, the Fitness Arthritis and Seniors Trial reported an approximately 43% reduced risk of incident activity of daily living disability 18 months after a structured aerobic and muscle strengthening intervention among older adults with osteoarthritis (37).
The persistent association of severe joint pain with SPR after all adjustments in the metamodel (PR=1.4) was expected and is consistent with existing literature regarding joint pain in people with arthritis. For example, Wilkie et al. found that the highest level of knee pain severity was strongly associated with restricted mobility outside of the home (adjusted OR=2.4) (13). Hawker et al. determined that unpredictable, intense, emotionally draining pain "resulted in significant avoidance of social and recreational activities" (38). Osteoarthritis pain impact on sleep onset and continuation was also associated with greater disability, fatigue, and mood disturbances (38). These findings call into question whether the participants in our study reporting ≥9 hours of sleep per 24 hours are actually sleeping that entire time and what the quality of their sleep is; a low quality of sleep may explain the association between high number of sleeping hours and SPR. Unfortunately, quality of sleep was not assessed in the NHIS.
Arthritis pain, while complex, is treatable. Over-the-counter medications (acetaminophen and non-steroidal anti-inflammatory medications), topical preparations (Capsaicin), thermal modalities (heat and cold packs), aerobic, aquatic, and muscle strengthening exercise, weight loss, assistive devices (e.g., cane or crutch), orthotics/braces, and self-management education have all been shown to reduce osteoarthritis pain (39, 40). In cases where pain is not controlled with these first line treatments, intra-articular corticosteroid injections, hyaluronate injections, duloxetine, and opioids can be used (39, 40). In review of this evidence, it seems clear that uncontrolled pain among people with arthritis is substantially damaging to their function and quality-of-life and that better control of joint pain could have positive cascading effects on sleep, mental health, and disability.
The literature has demonstrated that poor socioeconomic status is associated with poor health outcomes in general (41, 42) and for specific condition groups, including arthritis (43, 44) . Our study shows univariate (PR=2.9), domain-specific multivariate (PR=2.5), and meta-model (PR=1.4) associations between <2.00 income-to-poverty ratio and SPR. In addition to income-to-poverty ratio, two other measures, delayed healthcare due to cost (PR=1.5) and received government assistance (PR=3.0), had strong univariate associations with SPR, suggesting that financial resources may have a key role in the process of arthritis disability. These findings may have important policy implications both from the perspectives of reducing and addressing disability among adults with arthritis (45).
This study has at least four limitations. First, doctor-diagnosed arthritis was self-reported and may be subject to recall bias. This case-finding question, however, is considered valid for public health surveillance (46, 47) . Second, cross-sectional study data cannot be used to infer causation. Third, there were conceptual limitations in variables available to measure some elements; e.g., marital status and household size were also proxies for the broader concept of a social network. Similarly, as described in the introduction, social participation can be conceptualized in many ways, so our measure of SPR assesses only those aspects captured in the NHIS questions, which represent the "capacity" aspect of participation. The ICF defines "capacity" as what an individual can do in a standard environment without barriers or facilitators to participation and "performance" as what an individual can do in their usual environment including barriers (e.g., no sidewalks) and facilitators (e.g., walking aids). If the NHIS measured the performance of social participation, the proportion with SPR may have been lower (48) . Fourth, the NHIS does not measure all ICF elements, so some important concepts were not included. In particular, there were no available variables on specific environmental characteristic (e.g., built environment features such as sidewalks, curbs, transportation access) whose modification, especially in conjunction with assistive mobility technologies, could be expected to influence SPR (49).
This study has several strengths. First, the NHIS is a unique and rich data source for examining ICF-based correlates of disability, represented by SPR, including personal and environmental factors frequently absent from clinical studies. Next, the study had a sufficiently large sample to estimate precise moderate associations in the meta-model. Third, this is also the first nationally representative application of the ICF among adults with arthritis, and the findings are generalizable to U.S. adults with arthritis. This study has addressed a gap by providing an inclusive, descriptive application of the ICF to arthritis in the U.S. Fourth, our findings can be used to develop applied research questions to explore arthritis impacts and relationships to improve our understanding of and ability to modify adverse arthritis outcomes, including SPR.
Social participation represents an important life domain for many people. Social activity has longitudinal associations of decreased risk of incident disability among community-dwelling older adults (50) , and a growing number of studies demonstrate the potentially protective effects of "having and retaining favorite pastimes" (32). Our study findings empirically demonstrate some of the complex relationships across ICF domains and provide priority areas for clinical and public health interventions to decrease pain, address mental health impacts, control arthritis symptoms, and create environments in which people with limitations or impairments are still able to participate. (Table 1) The majority of adults with arthritis were non-Hispanic white (77.8%), and women (60.1%); a plurality were 45 to 64 years of age (45.8%). Respondents tended to be fairly well educated, with 31.1% having at least a college degree. Nearly a third of respondents (30.6%) reported an income-to-poverty ratio <2.00. Most respondents were either overweight (34.4%) or obese (38.3%). Nearly one in six respondents reported serious psychological distress. Prevalence of the nine specific activity limitations ranged from 5.5% (grasp) to 27.2% (stoop, bend, or kneel), and >12% of adults with arthritis had six limitations. More than four in ten (42.5%) reported ≥1 limitation, and almost a quarter (23.4%) reported ≥3 limitations.
Appendix B Population Characteristics
Prevalence ratios, unadjusted (Table 2) Impairments
There was a strong association between SPR and reporting serious psychological distress (PR=4.5), having ≥3 comorbid conditions (PR=4.2), and severe joint pain (PR= 3.4). People who reported 1-5 or ≥9 hours of sleep were moderately more likely to have SPR (PR = 2.3 and 2.6, respectively).
Activity Limitations
All limitations were significantly and strongly associated with SPR. PRs ranged from 5.2 (grasp) to 14.0 (stand), and five limitations (climb, push, carry, walk, stand) had a PR ≥ 10.0. Respondents with key limitations had the strongest association with PR = 31.2 (95% CI= 22.3-43.5).
Environmental Factors
Eight of the nine examined environmental factors had significant univariate associations with SPR. Living in a multiple person household (PR = 0.7) and a college-educated most educated adult in the household (PR =0.6) were protective for SPR. All remaining variables had at least one category that was associated with ≥50% greater likelihood of SPR. The strongest univarate associations were for an income-to-poverty ratio <2.00 (PR =2.9), receiving government assistance in the past year (PR =3.0), and ≥5 office visits in the past year (PR =3.3). Having health insurance did not have a significant relationship with SPR (PR= 1.0; 95% CI = 0.7-1.3).
Personal Factors
With the exception of employment, all examined personal factors were significantly associated with SPR. A college degree (PR= 0.6) and retrieving health information from the internet (PR=0.4) were protective. Less than a high school education (PR= 2.1) and insufficient physical activity (PR=2.3) or being inactive (PR=6.1) were most strongly associated with SPR. 
Significance and Innovations
2-4 bullet points highlighting the significance and/or innovative findings from your article
• This is the first nationally representative application of the ICF among U.S. adults with arthritis.
• 5.7 million U.S. adults with arthritis report social participation restriction
• We observed a novel association between social participation restriction and sleep among adults with arthritis.
• An income-to-poverty ratio of <2.00 and other measures of assets and public assistance suggest financial resources may have a key role in the process of arthritis disability. 
